Background
==========

Fluid loss during strenuous, long duration exercise is commonplace and can result in thermal stress, impaired cognition and cardiovascular function, accelerated fatigue, and impaired exercise performance \[[@B1],[@B2]\]. Recommendations for fluid intake before, during, and following exercise are well described \[[@B3],[@B4]\] and are typically followed by most athletes seeking enhanced physical performance. Abiding by such recommendations appears particularly important when exercising in hot and humid environmental conditions, where fluid loss may be high \[[@B5]\].

Although water is often suggested to many general fitness enthusiasts who may exercise for relatively short periods of time ( \< 75 minutes), carbohydrate-electrolyte sport drinks are highly recommended and appear to be the beverage of choice for most serious athletes\--aerobic athletes in particular \[[@B2]\]. This is partly fueled by scientific recommendations for the consumption of such beverages \[[@B6],[@B7]\], and partly by the widespread marketing campaigns of large sport nutrition and beverage companies. Regardless, carbohydrate-electrolyte beverages are widely consumed and represent a multi-billion dollar segment of the food and beverage industry \[[@B8]\].

Some individuals prefer natural alternatives to the manufactured sport drinks. For example, many sport drinks contain fructose and/or maltodextrin, artificial flavors and sweeteners, and added electrolytes (e.g., sodium, potassium). With more emphasis recently within the sport nutrition industry on \"natural\" beverages, some athletes and recreationally active fitness enthusiasts seek alternatives to the manufactured sport drink. While water is indeed a reasonable solution for some, those involved in longer duration exercise bouts often require and demand carbohydrate and electrolytes within their beverage of choice. For these individuals, coconut water may be considered as one viable alternative.

Coconut water is naturally occurring, is very rich in potassium, contains sodium, chloride, and carbohydrate \[[@B9]\], and is viewed as the hydrating beverage of choice in certain parts of the world \[[@B10]\]. Clinically, coconut water may be used as an oral rehydration aid to replace fluid loss from the gastrointestinal tract in patients suffering severe dehydration due to diarrhea \[[@B11],[@B12]\]. It has also been used intravenously with success \[[@B13]\]. Although not linked specifically to hydration, coconut water has been reported to have antioxidant properties \[[@B14]\], which may aid in neutralizing reactive oxygen species production resulting from long duration exercise \[[@B15]\].

In relation to sport nutrition, coconut water has been reported to provide hydrating effects similar to those of carbohydrate-electrolyte sport drinks \[[@B16]-[@B18]\]. Unfortunately, these studies have focused exclusively on hydration measures as primary outcome variables (following a period of dehydrating exercise and consumption of the assigned beverage), while not emphasizing actual exercise performance during the rehydrating period. Hence, while the rehydrating effects of coconut water may be similar to those of carbohydrate-electrolyte sport drinks, an equally important question for most athletes and coaches is whether or not the hydration status equates to actual physical performance. Considering the above, we investigated the effects of two different forms of coconut water (concentrated and not from concentrate) and a carbohydrate-electrolyte sport drink on measures of hydration status and physical performance in exercise-trained men.

Methods
=======

Subjects and Screening
----------------------

Exercise-trained men were recruited to participate. Eligibility was determined by completion of a health history form (Physical Activity Readiness Questionnaire \[PAR-Q\]) and physical examination. Prior to the start of the study, subjects were engaged in a program of regular exercise for a minimum of the past six months, without difficulty in walking or running on a treadmill. All subjects were instructed to maintain their pre-study exercise program throughout the course of the study, with the exception of refraining from exercise during the 24 hours prior to each test day. Subjects were nonsmokers, did not report any history of cardiovascular, metabolic, neurological, or orthopedic disorders that may have impacted their ability to participate in the study, and did not start the use of any new nutritional supplement over the course of the study; however, they were allowed to continue using nutritional supplements they had been using prior to beginning the study (e.g., multivitamins). Prior to participation, each subject was informed of all procedures, potential risks, and benefits associated with the study through both verbal and written form in accordance with the approved procedures of the Aspire Institutional Review Board for Human Subjects Research (La Mesa, CA; approval date of December 23, 2010). Subjects signed an informed consent form prior to being admitted into the study.

At the initial screening visits, subjects\' height via stadiometer (Holtain Limited; Britain) and body mass via digital scale (Detecto; Webb City, MO) were measured and recorded. Body mass was obtained with subjects wearing only a gown and their underwear. Body mass measures following exercise were obtained only after subjects were thoroughly towel dried. Heart rate and blood pressure (using subjects\' left arm) were recorded following a minimum of five minutes of quiet rest, while subjects were seated in a chair. A 12-lead electrocardiogram was obtained and analyzed for normality, to ensure subject suitability for participation. Blood samples were collected from subjects for routine assessment of clinical chemistry parameters (e.g., metabolic panel and complete blood count). Please see Table [1](#T1){ref-type="table"} for subject descriptive characteristics. A familiarization trial of the exercise performance test was also conducted during the initial laboratory visit. A description of this test is provided below.

###### 

Characteristics of 12 exercise-trained men

  ----------------------------------------------------------------------
  Variable                                       Value
  ---------------------------------------------- -----------------------
  Age at Screening (years)                       26.6 ± 5.7\
                                                 24.0 (21.0 - 35.0)

  Ethnicity                                      

   Hispanic                                      12 (100%)

   Total                                         12 (100%)

  Race                                           12 (100%)

   Caucasian                                     12 (100%)

   Total                                         12 (100%)

  Height (cm)                                    175.4 ± 4.1\
                                                 175.0 (168.6 - 181.2)

  Body Mass at Screening (kg)                    77.2 ± 6.3\
                                                 78.4 (66 - 85.8)

  Body Mass Index (kg ∙ m^-2^)                   25.1 ± 1.8\
                                                 26.1 (21.5 - 26.9)

  Systolic Blood Pressure (mm Hg)                118.4 ± 13.2\
                                                 120.5 (97.0 - 145.0)

  Diastolic Blood Pressure (mm Hg)               73.9 ± 6.7\
                                                 74.0 (64.0 - 87.0)

  Heart Rate (beats ∙ minute^-1^)                68.8 ± 14.4\
                                                 66.5 (48.0 - 99.0)

  Glucose (mg ∙ dL^-1^)                          92.5 ± 4.0\
                                                 91.5 (87.0 - 99.0)

  Blood Urea Nitrogen (mg ∙ dL^-1^)              15.2 ± 3.0\
                                                 16.0 (9.0 - 19.0)

  Creatinine (mg ∙ dL^-1^)                       1.0 ± 0.2\
                                                 1.0 (0.7 - 1.2)

  Alkaline Phosphatase (Units ∙ L^-1^)           82.0 ± 41.0\
                                                 73.0 (32.0 - 177.0)

  Aspartate Amino Transaminase (Units ∙ L^-1^)   21.4 ± 4.4\
                                                 20.5 (16.0 - 29.0)

  Alanine Amino Transferase (Units ∙ L^-1^)      20.8 ± 5.8\
                                                 21.0 (11.0 - 30.0)

  White Blood Cell count (thousands ∙ μL^-1^)    6.9 ± 1.7\
                                                 6.7 (4.2 - 9.8)

  Red Blood Cell count (millions ∙ μL^-1^)       5.3 ± 0.4\
                                                 5.3 (4.5 - 6.1)

  Hemoglobin (g ∙ dL^-1^)                        15.0 ± 1.0\
                                                 15.3 (13.1 - 16.0)

  Hematocrit (%)                                 47.7 ± 3.0\
                                                 47.9 (42.8 - 52.2)
  ----------------------------------------------------------------------

Data are mean ± SD (top row); median and (range) provided in bottom row

Test Days
---------

On each of the four test days, subjects reported to the lab in the morning following an overnight fast (no food or beverages other than water were allowed after midnight). The time of day for testing each subject was matched for all subsequent test days ( ± 60 minutes). Subjects were instructed not to exercise or to consume alcohol during the 24 hours prior to each test day, but to consume water liberally up to the time they reported to the lab for testing. Adherence to study instructions was confirmed with all subjects on each day of testing. Following all baseline assessments, subjects were provided with a standardized breakfast consisting of a bagel and one tablespoon of cream cheese. They were also provided with up to 470 mL of water.

Dehydrating Exercise Test
-------------------------

Sixty minutes following the conclusion of the standardized breakfast, subjects performed the dehydrating exercise test. It should be noted that of the total of 48 test visits (12 subjects × 4 visits), slight deviations in the time from food intake to the start of the dehydrating exercise test were noted for 14 of the tests (i.e., started before or after the set 60 minute time). Specifically, nine tests were conducted within 15 minutes of this time, two tests were conducted within 30 minutes of this time, and three tests were conducted within 45 minutes of this time. We do not believe these deviations significantly influenced the findings; in particular considering that these were equally dispersed among the four conditions.

The dehydrating exercise consisted of two, 30-minute bouts of walking/jogging, interspersed with a 10 minute rest period. Specifically, subjects walked/jogged at 2, 3, 4, 5, 6 and 7 miles per hour on a motorized treadmill, using a grade of 0%. Five minutes of exercise was performed at each speed. Following the initial 30 minutes of exercise, a 10-minute break was allowed, during which time subjects walked around and/or remained seated. Subjects then repeated the above sequence of speeds for an additional 30 minutes of exercise. Hence, a total of 60 minutes of exercise was performed within the 70 minute period. All exercise was performed in a climate controlled room, with an average temperature of 36° Celsius and an average relative humidity of 48%. This dehydrating exercise protocol has been reported to induce a 2 to 3% reduction in body weight \[[@B19]\]. During the three hour period from the end of the dehydrating exercise test to the start of the performance exercise test, subjects were required to rest quietly without food or beverage intake (with the exception of the assigned condition). During this time, as well as during the performance exercise test, subjects remained in a thermoneutral environment (i.e., 22 degrees Celsius).

Conditions
----------

Within minutes following the conclusion of the dehydrating exercise test (after all measurements were obtained\--see Table [2](#T2){ref-type="table"}), subjects received their assigned condition (beverage). The study design involved a random order, single blind (subject and not investigators), cross-over assignment to one of the following four conditions: Supermarket brand bottled water, pure coconut water (VitaCoco^®^; New York, NY), coconut water from concentrate, or a carbohydrate-electrolyte sport drink (5-6% carbohydrate solution). The amount of each beverage was determined based on the total amount of body mass lost during the dehydrating exercise protocol using the equation: 1300 mL ∙ kg^-1^× kg loss = amount of beverage consumed (mL). This provided a weighted volume amount of beverage equal to approximately 125% of the actual body mass lost. Based on this, the amount of beverage consumed equated to 2159 ± 249 mL for bottled water, 2220 ± 367 mL for VitaCoco^®^, 2253 ± 358 mL for coconut water from concentrate, and 2184 ± 358 mL for the sport drink, with no differences noted between conditions (p \> 0.05). Subjects were allowed 60 minutes to consume the entire volume of beverage. Each condition was consumed on a different test day, with a minimum of five days separating test visits.

###### 

Study timeline and outcome measures

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Time →\                     Pre Dehydrating Exercise Test   Immediately Post Dehydrating Exercise Test   1 Hour Post Dehydrating Exercise Test   2 Hours Post Dehydrating Exercise Test   3 Hours Post Dehydrating Exercise Test†   Immediately Post Performance Exercise Test
  Variable ↓                                                                                                                                                                                                                          
  --------------------------- ------------------------------- -------------------------------------------- --------------------------------------- ---------------------------------------- ----------------------------------------- --------------------------------------------
  Body Mass††                 X                               X\*                                          X\*\*                                   X                                        X                                         

  Plasma Osmolality           X                               X                                                                                                                             X                                         

  Urine Specific Gravity      X                               X                                                                                                                             X                                         

  Subjective Measures (VAS)                                   X                                            X                                       X                                        X                                         

  Heart Rate                  X                               X                                                                                                                             X                                         X

  Blood Pressure              X                               X                                                                                                                             X                                         X
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

† The Performance Exercise Test began following this measurement time (total exercise time was recorded)

†† Body Mass was used to calculate fluid retention (as described in the Methods section)

\* For determination of fluid volume to consume

\*\* For determination of \"baseline\" body mass

Performance Exercise Test
-------------------------

Three hours after the completion of the dehydrating exercise test (and two hours after subjects consumed their assigned condition), a test of physical performance was conducted using a treadmill as previously done \[[@B20]\]. Specifically, subjects began walking on a motorized treadmill at a self-selected comfortable speed (0% grade) for five minutes. At the conclusion of the five-minute period, the actual performance test began. The protocol involved an increase in intensity every three minutes. While the speed of the treadmill remained constant at 4.2 miles per hour throughout the test, the grade increase in the following manner: min 1-3, 0%; min 4-6, 2.5%; min 7-9, 5%; min 10-12, 7.5%; min 13-15, 10%; min 16-18, 12.5%; min 19-21, 15%. Subjects exercised until volitional exhaustion and the total exercise time was recorded. This identical protocol was administered at the screening visit (for familiarization) and on each of the four test day visits. Therefore, we do not believe that there was any significant degree of \"learning\" involved with this test.

Outcome Measures
----------------

In addition to the measure of total exercise time obtained in the performance test described above, the following variables were used as outcome measures; some of which have been discussed previously \[[@B21]\]. With regard to hydration status, body mass, fluid retention (based on body mass), plasma osmolality, and urine specific gravity were measured. Specifically, for fluid retention based on body mass, it was expected that the administration of test product at the amount prescribed would bring the subject\'s body mass back to very near its pre-exercise level. The rehydrating efficacy of the test product was indicated by how well this volume of fluid was retained over the two hours following consumption. Therefore, the body mass immediately post beverage consumption (which occurred at 1 hour post dehydrating exercise) was considered the \"baseline\"; this was subtracted from the body mass values at 2 and 3 hours post dehydrating exercise, and this difference was divided by the mass of beverage that had been consumed, then multiplied by 100 to yield the \"percent of rehydrating fluid retained\" at 2 and 3 hours. It should be noted that body mass was accurately determined using an electronic scale with subjects dry and wearing only a gown and underwear. In additional, all fluid volumes delivered to subjects were meticulously measured. Our use of body mass was used as a surrogate efficacy indicator of hydration as done previously \[[@B22]\].

Plasma osmolality and urine specific gravity were determined using standard procedures. Osmolality was determined by freezing point depression. Specific gravity was determined using reagent test strips. Although we did not measure urine osmolality, it has been concluded by Armstrong and colleagues that \"urine osmolality and urine specific gravity may be used interchangeably to determine hydration status\" \[[@B23]\]. Both plasma osmolality and urine specific gravity have been used previously as indicators of hydration status \[[@B24]\], and were obtained prior to the dehydrating exercise test, immediately following the dehydrating exercise test, and prior to the performance exercise test.

With regard to subjective measures, thirst, bloatedness, refreshed, stomach upset, and tiredness were determined using a 5-point visual analog scale. Answers were scaled from 1 to 5 where 1 was the lowest and 5 was the highest score. These were assessed immediately, 60 minutes, 120 minutes, and 180 minutes following the dehydrating exercise test.

Heart rate and blood pressure were measured at the following times: Prior to the dehydrating exercise test, immediately following the dehydrating exercise test, prior to the performance exercise test, and immediately following the performance exercise test. A schematic of the study timeline for all outcome measures is provided in Table [2](#T2){ref-type="table"}.

Physical Activity and Dietary Intake
------------------------------------

Subjects were instructed to maintain their normal physical activity throughout the study period, with the exception of refraining from strenuous physical activity during the 24 hours preceding each test day. They were also given specific instructions regarding abstinence from alcohol consumption during the 24 hours immediately preceding the test days. Dietary intake was to be maintained through the study period, with the exception of reporting to the lab in a fasted state on each of the four test days. No food records were maintained in this study, which may be considered by some to be a limitation of this work.

Statistical Analysis
--------------------

The sample size was determined based on convenience and a power analysis was carried out to determine the effect sizes that would provide an 80% chance of obtaining a significant result of p ≤ 0.05, when testing the outcome measures using the paired Student t test. Using a sample of 12 subjects, an 18% difference in fluid retention between products would be needed to detect statistical significance. All numerical variables were tested for normality by the Anderson-Darling test. Outcome measures as described within the text above for each variable, at each time point, were analyzed by the paired Student t test. All analyses were performed using \"*R*\" statistical software (version 2.13.1; *R*Foundation for Statistical Computing). Statistical significance was set at p ≤ 0.05. The data are presented as mean ± SD.

Results
=======

Overview and Adverse Effects
----------------------------

All subjects successfully completed all aspects of this study, with the exception of one subject who was unable to consume the volume of coconut water from concentrate in the allotted time. Therefore, the trial for this subject was not included in the analysis (n = 11 for coconut water from concentrate). Very few adverse events were noted and all were characterized as mild (e.g., stomach upset), likely due to the consumption of a high volume of fluid ( \> 2 liters) in a relatively short period of time (≤ 60 minutes).

Performance Data
----------------

Regarding treadmill performance, no significant difference (p \> 0.05) was noted in total exercise time between bottled water (11.9 ± 5.9 minutes), VitaCoco^®^(12.3 ± 5.8 minutes), coconut water from concentrate (11.9 ± 6.0 minutes), and sport drink (12.8 ± 4.9 minutes).

Hydration Data
--------------

In regard to body mass, subjects lost approximately 1.7 kg during the dehydrating exercise (\~2% of starting body mass), regained this amount in a similar manner following consumption of all conditions, and slowly lost approximately 1 kg over the subsequent two hours (Table [3](#T3){ref-type="table"}). However, body mass (p = 0.023) was slightly greater with coconut water from concentrate compared only to bottled water (when expressed as change from pre dehydrating exercise at 3 hours post dehydrating exercise). No other differences were noted between conditions for body mass (p \> 0.05). In regard to fluid retention (based on body mass), similar findings were observed (as this measure is influenced by body mass), with greater values for coconut water from concentrate compared only to bottled water (p = 0.041) at 3 hours post dehydrating exercise. At 3 hours post dehydrating exercise (2 hours after rehydration) values were numerically highest for coconut water from concentrate (\~52%), lowest for bottled water (\~35%), and intermediate for VitaCoco^®^and sport drink (\~40%); although these differences were not statistically significant (p \> 0.05). No other differences were noted between conditions for fluid retention (p \> 0.05). Data are presented in Table [4](#T4){ref-type="table"}. Plasma osmolality displayed similar results as noted for body mass and fluid retention, with greater values for coconut water from concentrate compared only to bottled water (p = 0.049; when expressed as change from pre dehydrating exercise at 3 hours post dehydrating exercise). In general, this measure increased after dehydrating exercise, indicating dehydration of the subjects, and returned toward baseline at 3 hours post dehydrating exercise, indicating rehydration of the subjects. No other differences were noted between conditions for plasma osmolality (p \> 0.05). Data are presented in Table [5](#T5){ref-type="table"}. No differences were noted between conditions for urine specific gravity, with this measure relatively constant and within the normal range over the measurement period (p \> 0.05). Data are presented in Table [6](#T6){ref-type="table"}.

###### 

Body mass of exercise-trained men before and after dehydrating exercise

  --------------------------------------------------------------------------------------------------------------
  Time                       VitaCoco^®^          Sport Drink          Coconut Water\       Bottled Water
                                                                       From Concentrate     
  -------------------------- -------------------- -------------------- -------------------- --------------------
  Pre Dehydrating Exercise   78.5 ± 7.4\          77.8 ± 7.1\          77.5 ± 7.6\          77.8 ± 7.6\
                             79.2 (65.2 - 89.0)   78.2 (65.2 - 87.3)   75.6 (64.9 - 88.4)   78.2 (64.8 - 89.3)

                                                                                            

  Immediately Post\          76.9 ± 7.2\          76.1 ± 6.8\          75.8 ± 7.5\          76.2 ± 7.4\
  Dehydrating Exercise       77.4 (63.9 - 87.2)   76.6 (63.8 - 85.3)   73.7 (63.3 - 86.5)   76.5 (63.5 - 87.4)

                                                                                            

  1 hour Post\               78.4 ± 7.3\          77.7 ± 7.2\          77.6 ± 7.6\          77.9 ± 7.6\
  Dehydrating Exercise       79.0 (65.5 - 88.9)   77.8 (65.1 - 87.6)   75.5 (65.0 - 88.6)   78.1 (64.9 - 90.1)

                                                                                            

  2 hours Post\              78.1 ± 7.2\          77.4 ± 7.0\          77.3 ± 7.5\          77.4 ± 7.5\
  Dehydrating Exercise       78.3 (65.5 - 88.8)   77.6 (65.1 - 87.0)   75.2 (64.8 - 88)     77.6 (64.7 - 88.9)

                                                                                            

  3 hours Post\              77.6 ± 6.9\          77.0 ± 6.8\          76.9 ± 7.4\          76.9 ± 7.3\
  Dehydrating Exercise\*     78.0 (65.5 - 87.9)   77.2 (64.9 - 86.3)   75.0 (64.6 - 87.6)   76.9 (64.5 - 88.0)
  --------------------------------------------------------------------------------------------------------------

Data are mean ± SD (top row); median and (range) provided in bottom row

\*Coconut water from concentrate greater than bottled water (p = 0.023); when expressed as change from Pre Dehydrating Exercise at 3 hours Post Dehydrating Exercise. No other differences noted (p \> 0.05).

###### 

Fluid retention of exercise-trained men before and after dehydrating exercise

  ----------------------------------------------------------------------------------------------------------------
  Time                     VitaCoco^®^           Sport Drink           Coconut Water\        Bottled Water
                                                                       From Concentrate      
  ------------------------ --------------------- --------------------- --------------------- ---------------------
  1 hour Post\             73.6 ± 22.1\          76.4 ± 21.1\          83.5 ± 9.7\           82.1 ± 22.3\
  Dehydrating Exercise     76.0 (30.9 - 101.5    77.9 (37.6 - 101.5)   84.0 (67.2 - 101.5)   88.0 (42.8 - 115.9)

                                                                                             

  2 hours Post\            59.6 ± 31.7\          60.6 ± 19.5\          67.6 ± 13.7\          56.9 ± 26.6\
  Dehydrating Exercise     71.4 (-3.8 - 99.0)    66.8 (28.4 - 90.9)    63.0 (37.8 - 85.5)    62.1 (0.0 - 95.7)

                                                                                             

  3 hours Post\            39.0 ± 37.9\          40.3 ± 24.9\          51.7 ± 14.9\          34.7 ± 23.9\
  Dehydrating Exercise\*   35.7 (-42.2 - 99.0)   38.9 (-5.7 - 74.8)    46.2 (29.4 - 75.6)    32.9 (-10.7 - 65.5)
  ----------------------------------------------------------------------------------------------------------------

Data are mean ± SD (top row); median and (range) provided in bottom row

\*Coconut water from concentrate greater than bottled water (p = 0.041) at 3 hours Post Dehydrating Exercise. No other differences noted (p \> 0.05).

###### 

Plasma osmolality of exercise-trained men before and after dehydrating exercise

  --------------------------------------------------------------------------------------------------------------------------
  Time                       VitaCoco^®^             Sport Drink             Coconut Water\          Bottled Water
                                                                             From Concentrate        
  -------------------------- ----------------------- ----------------------- ----------------------- -----------------------
  Pre Dehydrating Exercise   289.3 ± 4.5\            291.5 ± 6.0\            293.0 ± 5.6\            292.0 ± 5.0\
                             288.5 (282.0 - 300.0)   290.0 (283.0 - 305.0)   291.0 (287.0 - 305.0)   291.0 (282.0 - 300.0)

                                                                                                     

  Immediately Post\          297.5 ± 5.6\            297.7 ± 8.0\            297.5 ± 6.1\            297.6 ± 4.5\
  Dehydrating Exercise       297.5 (290.0 - 309.0)   297.0 (289.0 - 320.0)   296.0 (289.0 - 309.0)   297.5 (290.0 - 305.0)

                                                                                                     

  3 hours Post\              291.2 ± 6.6\            289.6 ± 5.5\            291.8 ± 5.7\            290.3 ± 5.1\
  Dehydrating Exercise\*     290.0 (285.0 - 310.0)   288.0 (283.0 - 304.0)   289.0 (286.0 - 306.0)   289.5 (284.0 - 302.0)
  --------------------------------------------------------------------------------------------------------------------------

Data are mean ± SD (top row); median and (range) provided in bottom row

\*Coconut water from concentrate greater than bottled water (p = 0.049); when expressed as change from Pre Dehydrating Exercise at 3 hours Post Dehydrating Exercise. No other differences noted (p \> 0.05).

###### 

Urine specific gravity of exercise-trained men before and after dehydrating exercise

  ---------------------------------------------------------------------------------------------------------------
  Time                       VitaCoco^®^          Sport Drink           Coconut Water\       Bottled Water
                                                                        From Concentrate     
  -------------------------- -------------------- --------------------- -------------------- --------------------
  Pre Dehydrating Exercise   1.0204 ± 0.0087\     1.0218 ± 0.0096\      1.0217 ± 0.0106\     1.0231 ± 0.0068\
                             1.02 (1.01 - 1.03)   1.03 (1.00 - 1.032)   1.03 (1.01 - 1.03)   1.03 (1.01 - 1.03)

                                                                                             

  Immediately Post\          1.0158 ± 0.0102\     1.0165 ± 0.0112\      1.0153 ± 0.0098\     1.0161 ± 0.0077\
  Dehydrating Exercise       1.02 (1.01 - 1.03)   1.018 (1.00 - 1.03)   1.02 (1.00 - 1.03)   1.02 (1.00 - 1.03)

                                                                                             

  3 hours Post\              1.0200 ± 0.0098\     1.0060 ± 0.0037\      1.0139 ± 0.0066\     1.0055 ± 0.0022\
  Dehydrating Exercise       1.03 (1.01 - 1.03)   1.01 (1.00 - 1.02)    1.02 (1.00 - 1.03)   1.01 (1.00 - 1.01)
  ---------------------------------------------------------------------------------------------------------------

Data are mean ± SD (top row); median and (range) provided in bottom row

No differences noted (p \> 0.05).

Subjective Data
---------------

All four conditions quenched thirst with no significant differences between conditions (p \> 0.05). Subjects reported feeling bloated with all four conditions, as per statistically significant increases at 1 hour post dehydrating exercise. Over the two hour rehydration period, the bloatedness decreased for all four conditions but remained statistically significant at 3 hours post dehydrating exercise for VitaCoco^®^(p = 0.012) and coconut water from concentrate (p = 0.034). Subjects generally felt refreshed after rehydration, with a statistically significant increase for bottled water over VitaCoco^®^at 1 hour post dehydrating exercise (p = 0.036). No other differences were noted (p \> 0.05). The two coconut-based products tended to produce more stomach upset than bottled water or sport drink, with significant findings at 3 hours post dehydrating exercise for VitaCoco^®^and sport drink (p = 0.034), VitaCoco^®^and bottled water (p = 0.046), coconut water from concentrate and sport drink (p = 0.020) and coconut water from concentrate and bottled water (p = 0.020). Tiredness generally tended to decrease immediately post dehydrating exercise, with no significant differences between conditions (p \> 0.05). All subjective data are presented in Table [7](#T7){ref-type="table"}.

###### 

Subjective ratings of exercise-trained men before and after dehydrating exercise

  -------------------------------------------------------------------------------------
  Time                   VitaCoco^®^   Sport Drink   Coconut Water\     Bottled Water
                                                     From Concentrate   
  ---------------------- ------------- ------------- ------------------ ---------------
  *Thirst*                                                              

  Immediately Post DHE   4.08 ± 1.16   4.42 ± 0.67   4.45 ± 0.69        4.67 ± 0.65

  1 hour Post DHE        1.17 ± 0.58   1.33 ± 0.89   1.36 ± 0.67        1.08 ± 0.29

  2 hours Post DHE       1.50 ± 0.52   1.58 ± 0.67   1.45 ± 0.52        1.50 ± 0.67

  3 hours Post DHE       1.67 ± 0.65   1.83 ± 0.94   1.45 ± 0.82        1.92 ± 1.00

                                                                        

  *Bloatedness*                                                         

  Immediately Post DHE   1.33 ± 0.49   1.33 ± 0.65   1.55 ± 1.04        1.33 ± 0.49

  1 hour Post DHE        3.58 ± 1.00   3.42 ± 1.24   4.00 ± 1.34        3.08 ± 1.24

  2 hours Post DHE       2.75 ± 0.97   1.67 ± 0.65   2.82 ± 1.17        1.50 ± 0.67

  3 hours Post DHE       2.33 ± 1.23   1.42 ± 0.67   2.45 ± 1.21        1.25 ± 0.62

                                                                        

  *Refreshed*                                                           

  Immediately Post DHE   1.92 ± 1.00   2.08 ± 1.24   2.09 ± 1.22        1.67 ± 0.89

  1 hour Post DHE        3.25 ± 1.36   3.83 ± 1.27   3.82 ± 1.08        4.17 ± 1.19

  2 hours Post DHE       3.33 ± 1.23   3.67 ± 1.23   3.64 ± 1.50        3.58 ± 1.16

  3 hours Post DHE       3.17 ± 1.19   3.33 ± 1.15   3.55 ± 1.51        3.50 ± 1.09

                                                                        

  *Stomach Upset*                                                       

  Immediately Post DHE   1.58 ± 0.79   1.25 ± 0.45   1.00 ± 0.00        1.00 ± 0.00

  1 hour Post DHE        2.75 ± 1.29   2.00 ± 1.35   3.18 ± 1.66        1.67 ± 0.89

  2 hours Post DHE       3.33 ± 1.23   1.25 ± 0.62   3.09 ± 1.51        1.25 ± 0.45

  3 hours Post DHE       2.92 ± 1.31   1.17 ± 0.39   2.55 ± 1.44        1.08 ± 0.29

                                                                        

  *Tiredness*                                                           

  Immediately Post DHE   3.58 ± 1.00   3.92 ± 0.79   3.82 ± 0.98        4.08 ± 0.79

  1 hour Post DHE        2.83 ± 0.83   3.08 ± 0.90   2.64 ± 0.92        2.92 ± 1.00

  2 hours Post DHE       2.08 ± 0.90   2.58 ± 0.90   2.36 ± 0.81        2.33 ± 0.98

  3 hours Post DHE       2.08 ± 0.90   2.50 ± 1.00   2.18 ± 0.98        2.33 ± 0.78
  -------------------------------------------------------------------------------------

Data are mean ± SD

*Thirst:*No differences between conditions (p \> 0.05).

*Bloatedness:*3 hours Post DHE \> Immediately Post DHE for VitaCoco^®^(p = 0.012) and coconut water from concentrate (p = 0.034)

*Refreshed:*1 hour Post DHE \> Immediately Post DHE for bottled water compared to VitaCoco^®^(p = 0.036).

*Stomach Upset:*Greater stomach upset at 3 hours Post DHE for VitaCoco^®^compared to sport drink (p = 0.034), VitaCoco^®^compared to bottled water (p = 0.046), coconut water from concentrate compared to sport drink (p = 0.020) and coconut water from concentrate compared to bottled water (p = 0.020).

*Tiredness:*No differences between conditions (p \> 0.05).

DHE = Dehydrating Exercise

Heart Rate and Blood Pressure Data
----------------------------------

No differences were noted between conditions for heart rate, systolic blood pressure, or diastolic blood pressure (p \> 0.05). Data for these variables are presented in Table [8](#T8){ref-type="table"}.

###### 

Heart rate and blood pressure of exercise-trained men before and after dehydrating exercise

  ---------------------------------------------------------------------------------------------
  Time                         VitaCoco^®^    Sport Drink    Coconut Water\     Bottled Water
                                                             From Concentrate   
  ---------------------------- -------------- -------------- ------------------ ---------------
  *Heart Rate*                                                                  

  Pre DHE                      63.6 ± 8.7     63.3 ± 6.7     64.6 ± 11.6        62.7 ± 6.5

  Immediately Post DHE         102.1 ± 19.9   101.8 ± 12.8   103.4 ± 13.0       102.0 ± 18.1

  Pre PE                       70.2 ± 11.2    71.2 ± 9.8     68.5 ± 9.1         64.2 ± 7.6

  Immediately Post PE          86.8 ± 15.0    88.0 ± 17.5    96.1 ± 35.7        84.6 ± 15.2

                                                                                

  *Systolic Blood Pressure*                                                     

  Pre DHE                      122.8 ± 9.6    119.6 ± 9.5    121.0 ± 9.4        122.3 ± 8.4

  Immediately Post DHE         109.2 ± 9.6    116.8 ± 12.1   113.6 ± 11.7       112.7 ± 4.3

  Pre PE                       122.1 ± 9.4    116.7 ± 8.4    120.9 ± 9.3        117.6 ± 8.7

  Immediately Post PE          120.8 ± 11.9   121.6 ± 9.6    117.7 ± 9.9        115.7 ± 10.3

                                                                                

  *Diastolic Blood Pressure*                                                    

  Pre DHE                      77.8 ± 5.2     75.0 ± 7.5     78.3 ± 7.3         76.7 ± 3.9

  Immediately Post DHE         66.8 ± 7.1     73.1 ± 7.0     71.1 ± 7.3         72.2 ± 5.9

  Pre PE                       76.3 ± 4.3     74.1 ± 5.6     74.8 ± 5.8         73.5 ± 5.2

  Immediately Post PE          77.6 ± 6.6     76.6 ± 6.4     74.5 ± 6.6         74.3 ± 7.5
  ---------------------------------------------------------------------------------------------

Data are mean ± SD

No differences noted (p \> 0.05).

DHE = Dehydrating Exercise

PE = Performance Exercise

Discussion
==========

Findings from the present investigation indicate that all of the tested beverages are capable of promoting rehydration after one hour of dehydrating exercise. With few exceptions at selected time points, findings for all rehydration variables were essentially the same when comparing the carbohydrate-electrolyte sport drink, coconut water (concentrated and not from concentrate), and bottled water. Moreover, no differences were noted in treadmill performance during the rehydration period. These data are specific to a sample of young, exercise-trained, healthy men.

Maintaining hydration status is vital for athletes and can directly impact exercise performance \[[@B25]\]. As such, many studies have been conducted to determine the optimal rehydration strategies. While water intake is likely an adequate rehydration approach for many individuals, others (e.g., athletes involved in vigorous training) may require intake of water-carbohydrate or carbohydrate-electrolyte mixtures \[[@B2]\], in addition to other nutrients \[[@B26]\]. Such an approach has been reported to be superior to water alone and is generally considered the ideal recommendation for individuals engaged in long duration, strenuous bouts of acute exercise \[[@B2],[@B4]\].

Related to the above, the use of coconut water has been considered by many, as this beverage provides a natural source of carbohydrate and electrolytes \[[@B9]\]. Specifically, coconut water has been reported to provide sugar (\~1 g ∙ dL^-1^), potassium (\~51 mEq ∙ L^-1^), sodium (\~33 mEq ∙ L^-1^), and chloride (\~52 mEq ∙ L^-1^) \[[@B9]\]; however, this may vary depending on species of coconut palm. Coconut water has been reported to provide hydrating effects similar to those of carbohydrate-electrolyte sport drinks \[[@B16]-[@B18]\].

Saat and colleagues used a cross-over study to assess the effectiveness of fresh young coconut water and a carbohydrate-electrolyte beverage, compared to water on measures of whole body rehydration and blood volume restoration during a two hour rehydration period following a bout of dehydrating exercise \[[@B16]\]. A sample of eight young men participated and consumed the assigned beverage at a volume equal to 120% of the fluid loss during exercise. No statistically significant differences were noted between conditions for any outcome measure; however, blood volume restoration was noted to be slightly greater for coconut water. This same group reported similar findings in a follow-up study published in 2007 \[[@B17]\], using the same volume of beverages (120% of fluid loss during exercise). More recently, Idárraga and Aragón-Vargas studied the rehydrating effect of coconut water following exercise \[[@B18]\]. On three different days, six men and five women were dehydrated to approximately 2% body mass by exercising in a climate-controlled laboratory. On each day and in random order, subjects were rehydrated with fresh coconut water, a sport drink, or plain water using a volume equal to 120% of body weight lost during exercise. Subjects were then monitored for three hours, with urine collection every 30 minutes. No differences were noted between coconut water and sport drink for urine volume or fluid retention (both were better than plain water).

These above studies focused exclusively on hydration measures, following a period of dehydrating exercise and consumption of the assigned beverage, while not emphasizing exercise performance during the rehydrating period. The present study, using a similar fluid volume as used previously, extends these findings by noting similar exercise performance results for natural coconut water (concentrated and not from concentrate) and a carbohydrate-electrolyte sport drink. For most athletes and coaches, this finding is likely of most importance. Our data indicate that coconut water can provide similar benefits as compared to a typical sport drink in terms of exercise performance (as measured based on treadmill time to exhaustion), in addition to measures of hydration. That being said, one potential concern is subject tolerance to coconut water in such high volumes. Subjects reported feeling somewhat bloated and experienced mild stomach upset with the two forms of coconut water used in the present investigation (Table [7](#T7){ref-type="table"}), which is likely due to the high volume of fluid required to be consumed in such a short period of time. As with most beverages, individual tolerance to coconut water should be determined prior to use.

It should be noted that this study explored many endpoints at many time-points, each being compared between four products. Consequently, many hundreds of separate pairwise comparisons were carried out, each generating a p value, raising the issue of multiplicity and inflated Type-1 error. No multiple-test adjustments (Bonferroni or other) were applied - it would have been unrealistic and unproductive to try to establish a study-wide 0.05 alpha level, which would have required impossibly small p-values on individual tests. So it should be kept in mind that each individual p value has a one-in-twenty chance of being nominally significant (p \< 0.05) purely from random fluctuations. Conclusions of relative efficacy among the different products should not be based simply on isolated p values, but rather on a consideration of the complete set of data for each endpoint. Likewise, observed values were not simply put into a repeated-measures ANOVA to test for overall changes over time - most endpoints displayed very significant changes at certain time points (such as from baseline to immediately post-dehydrating exercise). It was much more appropriate to examination the changes (and differences in mean changes between products) only over certain physiologically-meaningful intervals, and individual t-tests were much more directly interpretable, and therefore more useful, in assessing these specific changes.

Conclusion
==========

Considering the above, our data indicate that both coconut water (natural, concentrated and not from concentrate) and bottled water provide similar rehydrating effects as compared to a carbohydrate-electrolyte sport drink. Moreover, none of the beverages impacted treadmill exercise performance differently during the rehydration period. Additional study is needed with consideration for the inclusion of a more demanding dehydration protocol, aimed at reducing body mass beyond the 2% mark obtained in the present investigation may be warranted. Finally, while treadmill time to exhaustion is routinely used in laboratory studies, the use of a time trial test as the measure of exercise performance may be more appropriate. Investigators may consider these suggestions when designing future studies focused on the potential rehydrating ability of coconut water and other beverages.
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